Obesity is a major public health problem in developed countries as well as in developing countries \[[@B1]\]. The prevalence of obesity is steadily increasing and has more than doubled since 1980. According to World Health Organization (WHO) global estimates from 2008, over 500 million adults are obese (<http://www.who.int/mediacentre/factsheets/fs311/en>). Obesity is becoming leading risk for global deaths. At least 2.8 million adults die each year as a result of being overweight or obese. With severe obesity, over 30 kg/m^2^ body mass index (BMI), mortality is substantially elevated by 50-150% \[[@B2]\]. In addition, obesity is strongly associated with the development of serious diseases such as type 2 diabetes mellitus, cardiovascular diseases, and certain cancers \[[@B3]-[@B5]\].

Obesity has many causes including excessive intake of calories, genetic factors, endocrine dysfunction, metabolic disorders, and stresses \[[@B6]\]. Among these causes, excessive energy intake is the most common risk factor of obesity. The major dietary fat, triglycerides (TG), provide the major source of energy. TG is transported in the blood as lipoproteins and stored in adipose tissues \[[@B7]\]. The major classes of blood lipoproteins are chylomicrons, very low-density lipoproteins (VLDL), intermediate-density lipoproteins (IDL), low-density lipoprotein (LDL), and high-density lipoproteins (HDL). Chylomicrons are produced in intestinal cells from dietary lipid, and VLDL is produced in the liver, mainly from dietary carbohydrates. IDL and LDL are produced in blood capillary by digestion of the TG or VLDL. HDL transfers an activator of lipoprotein lipase (LPL) to chylomicrons and VLDL. HDL also carries cholesterol from peripheral tissues to the liver. TG of chylomicrons and VLDL are hydrolyzed by LPL to fatty acid and glycerol. The fatty acids may be oxidized by various tissues. In adipose cells, the fatty acids are converted TG and stored.

To treat obesity, constant control of diet and exercise are required \[[@B8]\]. However, it is hard for obese patients to maintain regular exercising steadily. Synthetic appetite suppressants or fat absorption blockers have been developed as anti-obesity drugs, yet the efficacy and long-term safety level of the drugs were not fully evaluated \[[@B9],[@B10]\]. Therefore, safe and efficient anti-obesity substances are still needed.

Silkworm (*Bombyx mori*) has been ingested for a long time in Asian countries. It is well known that silk peptides (SP) and silkworm pupa peptides (SPP) have a blood glucose-regulating effect \[[@B11]-[@B14]\]. Recently, we demonstrated that SPP suppresses adipogenesis in preadipocytes and fat accumulation in rats \[[@B15]\]. Notably, in spite of body weight-lowering effect, silk amino acids (SAA) enhanced physical stamina \[[@B16],[@B17]\].

*Garcinia cambogia* is an edible native Southeastern Asian fruit, used as spices \[[@B18]\]. *Garcinia cambogia* contains hydroxycitric acid (HCA), a competitive inhibitor of adenosine triphosphate (ATP) citrate lyase \[[@B18]-[@B20]\]. HCA reduces the acetyl-CoA pool, thus limiting the biosynthesis of fatty acid and cholesterol.

White bean (*Phaseolus vulgaris*) contains a high level of pancreatic α-amylase inhibitor \[[@B21],[@B22]\]. It has been shown that the long-term administration of the α-amylase inhibitor from white bean extract reduced blood glucose levels and body weight gain in rats.

Mango is a rich source of various polyphenolic compounds \[[@B23]\]. Mango polyphenols, like other polyphenolic compounds, have a great antioxidative potential and they are expected to reduce degenerative diseases such as cancer, atherosclerosis, diabetes, and obesity \[[@B23],[@B24]\].

Raspberry (*Rubus idaeus*) contains raspberry ketone, a major aromatic compound of red raspberry \[[@B25]\]. Raspberry ketone prevents and improves obesity and fatty liver by increasing norepinephrine-induced lipolysis in white adipocytes \[[@B25]-[@B27]\].

Cocoa can prevent high-fat diet-induced obesity by modulating lipid metabolism, especially by decreasing fatty acid synthesis and transport systems, and enhancement of a part of the thermogenesis mechanism in the liver and white adipose tissues \[[@B28]\].

Green tea contains a series of polyphenols known as catechins \[[@B29]\]. It is known that tea catechins modulate appetite and reduce food intake through the leptin receptor-independent pathway in rats \[[@B30]\]. Also, green tea components have been reported to possess various biological and pharmacological effects, such as lowering of plasma lipids and glucose levels \[[@B31]\].

In our repeated human trials (unpublished results), SPP enhanced physical stamina as shown in the animal studies \[[@B16],[@B17]\], leading to increases in appetite and outdoor activities. Since the increased physical activity enhanced food intake and thereby attenuated body weight loss, we added extracts of *Garcinia cambogia*, white bean, mango, raspberry, cocoa, and green tea, possessing different mechanisms, to increase the anti-obesity effect and to control appetite. In the present study, we carried out an experiment to verify anti-obesity effects of Rapha diet® preparation containing the ingredients described above in an appropriate ratio, using a mouse model with dietary obesity.

Materials and Methods
=====================

Materials
---------

Seven hundred mg Rapha diet® preparation contains 290mg (41.4%) SPP, 218mg (31.1%) *Garcinia cambogia*, 112 mg (16%) white bean extract, 21 mg (3%) mango extract, 20 mg (2.9%) raspberry extract, 20 mg (2.9%) cocoa extract, and 19 mg (2.7%) green tea extract.

Animals and treatment
---------------------

Eight-week-old male C57BL/6 mice were obtained from Daehan Biolink (Eumseong, Korea). Mice were housed in a room with a temperature of 23±2℃, relative humidity of 55±5%, and an alternating 12-h light (300 lux)/dark cycle with free access to feed and water. All mice were fed a powdered basal diet (D12450B; Research Diets Inc., New Brunswick, USA) and tap water *ad libitum* for 1 week.

After 1 week of adaptation period, mice were divided into three groups: normal diet (control) group, HFD group, and HFD with Rapha diet® preparation (HFD+Rapha) group. Mice in HFD group were fed HFD (D12451; Research Diets Inc.) *ad libitum* for 8 weeks. Animals in HFD+Rapha group were fed HFD powder containing 3% (w/w) Rapha diet® preparation. The dose (3%) of Rapha diet® preparation was adopted from previous studies in animals \[[@B15]\] and in humans (unpublished results). Study protocols met the guidelines of the Institutional Animal Care and Use Committee (IACUC) of Laboratory Animal Center at Chungbuk National University, Korea.

Feed intake and body weights
----------------------------

Feed intake and body weights were recorded every week. Feed consumption was presented as mean value/day/mouse.

Adipose tissue weight and adipocyte size
----------------------------------------

At the end of 8-week treatment, epididymal, perirenal, and mesenteric adipose tissues were weighed after sacrificing mice. Adipose tissue was fixed in 3% formaldehyde solution, and paraffin-embedded sections were stained with hematoxylin-eosin. Using a light microscope (×100 magnification), the mean size of 10 adipocytes was measured using an image analyzer.

Serum lipid profiles
--------------------

Blood was collected from inferior vena cava after overnight fasting. Serum was analyzed for TG, total cholesterols, HDL, and LDL using a blood chemistry analyzer (model 7180; Hitachi Medical Co., Tokyo, Japan).

Hepatic lipid accumulation
--------------------------

Liver tissue was fixed in 3% formaldehyde solution, and paraffin-embedded sections were stained with hematoxylin-eosin. Liver sections were examined for the lipid accumulation under a light microscope (×100 magnification).

Statistical analyses
--------------------

The results are presented as mean±standard error, and the significance of difference was analyzed using one-2012-12-282012-12-28way analysis of variance followed by Turkey\'s test at the level of *P*\<0.05. The analyses utilized SPSS statistical software version 12.0 for Windows (SPSS, Inc., Chicago, IL, USA).

Results
=======

The mean daily intake of normal diet was 3.64 g/mouse ([Figure 1](#F1){ref-type="fig"}). The mean consumption of HFD markedly increased 1.5 folds. However, supplementation of Rapha diet® preparation remarkably attenuated the feed consumption to the control level.

Mice fed HFD showed higher body weight gain than mice fed normal diet ([Figure 2](#F2){ref-type="fig"}). Feeding Rapha diet® preparation decreased the body weight gain, leading to body weights of normal diet group at 8 weeks.

The body weights after overnight fasting were 30.95, 35.14, and 31.03 g in normal diet, HFD, and HFD+Rapha groups, respectively. Weights of epididymal, perirenal, and mesenteric fats markedly increased following HFD feeding, which were reverse by Rapha diet® preparation ([Figures 3A and 3B](#F3){ref-type="fig"}). The size of epididymal adipocytes increased significantly in mice fed HFD compared with cells in the normal diet group ([Figures 4A and 4B](#F4){ref-type="fig"}). However, Rapha diet® preparation near-fully inhibited the increases in the adipocytes from all 3 adipose tissues ([Figures 4C and 4D](#F4){ref-type="fig"}).

HFD feeding increased serum TG, TC, and LDL levels, without affecting HDL value ([Table 1](#T1){ref-type="table"}). However, feeding Rapha diet® preparation inhibited the increases in TG, TC, and LDL, resulting in correction of LDL/HDL ratio: 0.088, 0.224, and 0.080 for normal diet, HFD, and HFD+Rapha groups, respectively.

Livers of mice fed HFD for 8 weeks revealed many lipid droplets. Such hepatic steatosis was attenuated by supplementation with Rapha diet® preparation ([Figure 5](#F5){ref-type="fig"}).

Discussion
==========

The body weight gain of mice fed HFD markedly increased compared to normal diet. However, Rapha diet® preparation supplemented in the HFD for 8 weeks fully reduced the HFD-induced increase in body weight gain. It can be explained that the attenuated body weight gain comes from the decreased amount of fat tissues as well as the reduced size of adipocytes, which were confirmed from direct measurement of fat weights, and image analysis of adipocytes.

White adipose tissue is composed of adipocytes that play a central role in lipid homeostasis and the maintenance of energy balance \[[@B32]\]. Adipocytes store energy in the form of TG after food intake and release it in the form of free fatty acids during fasting period \[[@B33]\]. Excess white adipose tissue leads to obesity. The expansion of adipose tissue mass when excess food is ingested requires differentiation of adipocytes from precursor cells \[[@B34]-[@B36]\]. Adipocyte differentiation from adipose precursor cells has been shown to be arranged by the 2 interdependent transcription factors, peroxisome proliferator-activated receptor-γ (PPAR-γ) and CCAAT enhancer-binding proteins (C/EBP) \[[@B35]\]. SPP is known to suppress mRNA expression of adipogenesis-specific leptin and Acrp30 (adipocyte-derived cytokines), and to lower both PPAR-γ and Acrp30 synthesis \[[@B15]\]. *Garcinia cambogia* extract was reported to modulate multiple genes associated with adipogenesis as adipocyte protein aP2 (aP2), sterol regulatory element-binding factor 1c (SREBP1c), PPAR-γ2, and C/EBP-α \[[@B18]\]. Also, it has been shown that cocoa extract and green tea extract decreased the expression of PPAR-γ in adipose tissues \[[@B28],[@B31]\]. Raspberry ketone has been reported to stimulate lipolysis in adipocytes as well \[[@B25]-[@B27]\]. The norepinephrine and epinephrine are known to stimulate lipolysis via β-adrenergic receptors \[[@B25]-[@B27]\]. Raspberry ketone increased norepinephrine-induced lipolysis not via a mechanism related to that of synephrine, but via an increase in the translocation of hormone-sensitive lipase (HSL), which catalyzes TG hydrolysis, from the cytosol to the lipid droplets in adipocytes \[[@B25]-[@B27]\]. The conversion of the translocation to its substrate on the surfaces of lipid droplets is a crucial step for TG hydrolysis. Raspberry ketone affects the lipid metabolism by secretion of adiponectin, one of the most important adipocytokines and a regulatory factor in obesity and insulin resistance, in adipocytes as well \[[@B25]-[@B27]\].

HFD increased blood lipids and caused hepatic steatosis, as confirmed by microscopic examination. Rapha diet® preparation reversed the increase in blood lipids and their accumulation in the liver. Interestingly, LDL, a major risk factor of atherosclerosis, was significantly decreased to the normal level by Rapha diet® preparation. It was proposed that silk protein hydrolysates have lipid-controlling effects owing to their up-regulating activities on the leptin and insulin secretion \[[@B11]-[@B15]\]. *Garcinia cambogia* contains HCA, a potent competitive inhibitor of ATP citrate lyase \[[@B18]-[@B20]\]. Therefore, HCA limits the availability of acetyl-CoA units required for fatty acid or cholesterol synthesis. Mango has been shown to lower insulin resistance, improving glucose tolerance and lipid profile, and to reduce adiposity associated with an HFD \[[@B24]\]. Raspberry ketone also was demonstrated to decrease hepatic TG content in animals fed an HFD \[[@B27]\]. Cocoa extract has been reported to produce extensive decreases in the expression of genes for cholesterol biosynthesis including squalene synthase, squalene epoxidase (monooxygenase), and 7-dehydrocholesterol reductase \[[@B28]\]. It was found that catechins contained in green tea decreased plasma levels of cholesterol, glucose, insulin, and leptin \[[@B29]\]. In addition, green tea catechins increased β-oxidation as determined by palmitic acid oxidation activity \[[@B29],[@B31]\]. Such effects of green tea cathechins on lipid metabolism might be mediated by increased mRNA expressions of acyl-CoA oxidase and medium-chain acyl-CoA dehydro-genase, as demonstrated by increased lipid oxidation, β-oxidation, and expression of fatty acid translocase/CD36 mRNA in skeletal muscles \[[@B29],[@B31]\]. Accordingly, inhibitory activity of Rapha diet® preparation on lipid accumulation might be due to its lipid-burning effect, in addition to anti-adipogenic potential.

The present study demonstrate that supplementation of Rapha diet® preparation attenuates body weight gain of HFD-fed animals not only by decreasing the accumulation of body fats and the size of adipocytes, but also by modulating lipid profiles. Notably, the body weight-controlling effect of Rapha diet® preparation (100%) was superior to SP (35%) or SPP (55%) alone \[[@B15]\]. Such higher effect may be achieved by inhibitory activities on the adipogenesis and lipid accumulation as well as additional appetite-controlling potentials of catechins in green tea \[[@B30]\] and HCA in *Garcinia cambogia* \[[@B37],[@B38]\]. Since silk proteins enhance physical stamina \[[@B16],[@B17]\], it is proposed that the Rapha diet® preparation could be a promising candidate for the control of dietary obesity without side effects such as energy deficiency-related fatigue, although sex difference in its effectiveness and detailed action mechanisms remain to be clarified.
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![Daily feed consumption (g/mouse) by mice fed normal diet, high-fat diet (HFD) alone or containing 3% Rapha diet® preparation for 8 weeks.](lar-28-265-g001){#F1}

![Change in body weights of mice during feeding normal diet (circle), high-fat diet (HFD) alone (triangle) or containing 3% Rapha diet® preparation (square) for 8 weeks. ^\*^Significantly different from normal diet (*P*\<0.05). ^\#^Significantly different from HFD alone (*P*\<0.05).](lar-28-265-g002){#F2}

![Absolute (A) and relative (B) weights of epididymal, perirenal, and mesentaric fats from mice fed normal diet (white), high-fat diet (HFD) alone (black) or containing 3% Rapha diet® preparation (grey) for 8 weeks. ^\*^Significantly different from normal diet (*P*\<0.05). ^\#^Significantly different from HFD alone (*P*\<0.05).](lar-28-265-g003){#F3}

![A-C: Representative findings of perirenal adipose tissue of mice fed normal diet (A), high-fat diet (HFD) alone (B) or containing 3% Rapha diet® preparation (C) for 8 weeks. D: Epididymal, perirenal, and mesentaric adipocyte sizes of mice fed normal diet (white), HFD alone (black) or containing 3% Rapha diet® preparation (grey). ^\*^Significantly different from normal diet (*P*\<0.05). ^\#^Significantly different from HFD alone (*P*\<0.05). Bar=100 µm.](lar-28-265-g004){#F4}

![Representative findings of the liver of mice fed normal diet (A), high-fat diet alone (B) or containing 3% Rapha diet® preparation (C) for 8 weeks. Hematoxylin-eosin staining.](lar-28-265-g005){#F5}
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Effect of Rapha diet® preparation on blood lipid profiles
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TG: triglycerides, TC: total cholesterols, HDL: high-density lipoproteins, LDL: low-density lipoprpteins, HFD: high-fat diet. ^\*^Significantly different from Normal diet (*P*\<0.05). ^\#^Significantly different from HFD alone (*P*\<0.05).
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